INTRODUCTION
In recent years there has been an increase in the number of adults seeking orthodontic treatment and most of the adult patients usually present with restored teeth. Dental ceramics is widely used to ABSTRACT: Background: In recent years there has been an increase in the number of adults seeking orthodontic treatment and most of the adult patients usually present with restored teeth. Dental ceramics is widely used to restore missing and damaged teeth. Therefore, the Orthodontist is often faced with the challenge of effectively bonding orthodontic brackets to ceramic restorations in adult patient. Objectives: To compare the shear bond strength between ceramic brackets and ceramic surface with three different surface treatments.
Materials & Methods:
Thirty ceramic facets were prepared with a proper thickness of 2mm, resembling maxillary central incisor labial surface. These facets were then divided into 3 groups (n=10) i.e. Group 1: Treated with 9% HFA & silane, Group 2: sandblasted & silane, Group 3: 37% Phosphoric acid & silane. Thirty ceramic brackets were bonded on these facets as per manufacturer's instructions. These brackets were then de-bonded by universal testing machine to measure the shear bond strength values. The evaluation of the variation of the shear bond strength (SBS) among test groups was done using one-way ANOVA test and interexperimental group comparison was done by Newman-Keuls multiple post hoc test. Results: Group I (20.39±5.19MPa) showed the highest bond strength followed by Group II (15.42±3.65MPa) and Group III (14.30±2.55MPa). Statistically significant difference existed between group I & group II, group I & group III except group II & group III. Conclusion: Shear bond strength of ceramic brackets bonded to ceramic surfaces with all the three surface conditioning methods were adequate. On comparison of the three surface conditioning methods, 9% Hydrofluoric acid showed highest shear bond strength followed by Sandblasting and 37% Phosphoric acid.37% Phosphoric acid is recommended since it has adequate bond strength. It is least harmful to oral mucosa as compared to 9% Hydrofluoric acid and less cumbersome procedure when compared to Sandblasting. readily with orthodontic brackets, hence the surface characteristics of ceramic are altered through certain approaches before bonding the brackets to ceramics. Some of these are applying silane coupling agents to the ceramic surface and etching with hydrofluoric acid, or sandblasting the ceramic surface. Phosphoric acid solution is also used to enhance bond strength of the ceramic surface but it is not efficient as microetching the ceramic surface with the application of hydrofluoric acid and silane couple. 3 Adult orthodontic patients wanting the most invisible treatment possible spurred the development of "transparent" brackets that provide an aesthetic solution. 4 The bonding process of ceramic brackets to enamel is identical to that of stainless steel brackets, but, occasionally in adults these brackets must be bonded to ceramic restoration or crowns. 4 Pre-treatment of ceramic surfaces is necessary to obtain sufficient strength to bond orthodontic brackets to all ceramic restorations. Several options have been described which are generally combinations of various mechanical and chemical conditioning methods, such as bonding to glazed ceramic with coupling agent (silane), deglazing the ceramic by roughening the surface (diamond burs; air particle abrasion (APA) with aluminium oxide), and chemical preparation of the ceramic with acids, such as phosphoric, hydrofluoric, acidulated phosphate fluoride. 2 These methods achieved bond strengths equivalent to bonding to enamel etched with 37% phosphoric acid.
It has been shown that silane coupling agent appear to enhance the bond strength by increasing the chemical bond between resin composite and ceramic material. In general, the silane coupling agent is applied with chemical and mechanical roughening procedures. However the harmful effects of hydrofluoric acid on the soft tissue has been highlighted. 2 Mechanical roughening with APA has been shown to provoke crack initiation on the ceramic surface. However in order to obtain a viable bond between the orthodontic brackets and the ceramic surface, mechanical or chemical roughening is inevitable. 2 Though some of the methods have gained significant acceptable bond strength, currently no method has been proven to be most effective. This prompted us to undertake a study where comparison of the shear bond strength of ceramic bracket bonded to ceramic surface was carried out and evaluated which is the most effective and reliable bonding procedure when bonding of ceramic brackets with ceramic surface is to be carried out in adult patients with aesthetic concern .
MATERIALS AND METHODS:
RESEARCH DESIGN: This is an experimental in vitro study carried out at Department of Orthodontics.
METHOD OF STUDY:
1. Thirty ceramic facets (Ivoclar vivadent P-300, IPS classic) were prepared with a proper thickness of 2mm, resembling maxillary central incisor labial surface.
2. These facets were then attached with a metal casting handle, so that support was provided for the facets to be embedded into dental plaster ( Figure 1 ).
3. The metal casting handle was mounted into the dental plaster vertically to cover upto the usual level of the alveolar bone around the incisor tooth. 9. Specimens were then tested on universal testing machine for shear force required to debond the brackets ( Figure 5 and 6)
10. The shear bond strength data was then subjected to ANOVA test
BONDING PROTOCOL
The bonding protocol following the manufacturer's instructions was carried out. All 30 incisor facets were conditioned with 3 different procedures. Later silane coupling agent was applied to each conditioned surface with a mini brush tip and allowed to evaporate for 60 seconds, if not completely dry after 60 seconds then air dried with oil free air. Bonding agent (Transbond XT primer) was then applied with a mini brush on the dried silane surface and cured for 20 seconds. Ceramic brackets were then bonded to each conditioned ceramic facet using light cure composite resin (Transbond XT, 3M Unitek) and light cured for forty seconds each (Figure 2 and 3) . Before light curing the adhesive, the brackets were pressed against the tooth and then excess adhesive was removed with sharp explorer. After bonding all the ceramic facets with the ceramic brackets i.e. the 30 specimens were stored in water at 37° for 24 hours.
FINAL DEBONDING
A customised jig was suspended from the crosshead of a universal testing machine (TUE-C-400, Fine Spavy Associated & Engineers Pvt Ltd, Miraj). A gingivo-occlusal load was applied to the bracket, producing shear force at the bracket-facet interface for all the three groups. A computer, electronically connected with the test machine, recorded the results of each test. Shear bond strengths were measured at a crosshead speed of 0.5mm/min ( Figure 5 and 6) The force required to break the bracket-facet bond was recorded in kilo Newtons (Kn) and converted to megapascals (Mpa) using the surface area of the bracket base. The following equation was used for the conversion: 
DATA ANALYSIS:
The comparison of the shear bond strength of the three test groups were evaluated statistically using ANOVA test. Pairwise comparison between the test groups was done by Newman-Keuls post hoc analysis. A probability value (P value) 0.05 was considered to be statistically significant.
RESULTS:
The findings of the present study are tabulated (Table 1-4) :
DISCUSSION
The Orthodontists' understanding of the demand for aesthetic improvement in bracket appearance influences patient acceptance of orthodontics and patients current access to vast amounts of public information. Patients want to feel and look as healthy as possible, and they are becoming increasingly influenced by esthetics and demanding to be treated with esthetics in mind. Therefore ceramic brackets are widely used. [5] [6] [7] Ceramic restorations such as ceramic crowns or veneers are most commonly present in adult patients. [8] [9] [10] [11] Therefore often the orthodontist must bond the ceramic brackets to ceramic restorations. The bonding force of ceramic brackets is achieved by mechanical retention of the adhesive to bracket base and by using silane coupling agent after preparation of the porcelain surface.
Since glazed porcelain surface are not amenable to resin penetration for orthodontic bonding, mechanical or chemical pre-treatments of the surface is essential for successful direct bonding to porcelain. Although various surface treatment methods have been suggested each one has some disadvantages and limitations. Mechanical roughening with sandblasting is reported to provoke crack initiation within the ceramic. On the other hand, hydrofluoric acid has been found to be a harmful and irritating compound for soft tissue. Organosilane coupling agents are suggested to enhance bonding brackets to porcelain surfaces, but they fail to provide clinically sufficient bond strengths when used alone. To improve bond strength combination of methods are recommended. 8 The present study was conducted to determine the shear bond strength of ceramic brackets bonded to ceramic surfaces with different surface treatments. This was required to know the best possible surface treatment to achieve optimal bond strength between ceramic brackets and ceramic surface.
In the present conducted experimental in-vitro study, thirty ceramic facets were divided into three groups (n = 30). Mean and standard deviation of shear bond strength between group 1, group 2 and group 3 were compared statistically by one-way ANOVA test. The results in the Table 4 showed highly significant difference between the groups with F-value (6.7372) and P value (0.0042).
Pairwise comparison test (newman keuls test) of shear bond strength (SBS) values between the three test groups showed that the comparison between the 9% HFA and sandblasting, 9%HFA and 37% Phosphoric acid was significant (Table 3-B &  A) . However the shear bond strength values did not show significant difference between sandblasting and 37% Phosphoric acid groups (Table 3 -C).
The shear bond strength between ceramic brackets and ceramic facets treated with 9% hydrofluoric acid is statistically higher than the other two groups (Graph 1). Although the other two groups also showed bond strengths higher than the optimal bond strength required for bonding the ceramic brackets showed a tendency to break off during debonding procedure which were treated with 9% HF. The brackets initially chipped off and then debonding was carried out. This showed that the bond strength with 9% hydrofluoric acid group was higher.
In the present study, the highest bond strength was obtained for group 1 i.e treated with 9% HF and silane coupling agent. This is consistent with the observations made by Hakan Tukkahraman and H. Cenker Kucukesme (2006) who conducted a similar study, finally found that surface treatment with HFA and silane coupling agent produced the highest bond strength. 8 Conflicting issues exist when hydrofluoric acid and silane are used together. Kocadereli et al (2001) conducted a similar study which showed that porcelain surface conditioning with hydrofluoric acid etching followed by silane application resulted in higher bond strengths. Therefore in the present study silane application was recommended to bond ceramic bracket to porcelain surface to achieve bond strengths that are clinically acceptable. 5 In contrast, Schmage et al (2003) conducted a similar study and showed that highest bond strength values were obtained with sandblasting and silicatization with silane or HFA without silane. Therefore it was concluded that the use of silane after HFA etching did not increase the bond strength. 6 In the present study, the highest SBS were obtained with HFA and silane. This is an expected result as HFA facilitates micro-mechanical retention and silane provides a chemical link between porcelain and composite resin. The contradictory results may be explained by the differences in storage conditions, bonding agents and ceramic types. 8 Considering the harmful and irritating effects of etching with HFA (Jochen 1973, Moore and Manor 1982) and also the time consuming procedure and crack initiation when using sandblaster for sandblasting, we could consider surface conditioning of ceramic surface with 37% phosphoric acid as an optimal and safe surface treatment as it is commonly used in daily routine bonding of orthodontic brackets with enamel surface. 8 The optimal bond strength required for orthodontic clinical use is as yet unknown. Reynolds in 1975 suggested that for an adhesive system to have acceptable clinical performance, in vitro bond strength of 5.9-7.8 MPa is required. [12] [13] [14] [15] [16] [17] He also suggested that a minimum bond strength of 6 to 8 Mpa is adequate for most clinical orthodontic needs. 9 The present study shows that shear bond strength of all three groups is higher than the optimal range required for bonding.
The nature of the forces directed onto orthodontic brackets in the mouth is likely to be a combination of shear, tensile and torsion. 18 The bond strength of bracket adhesive -porcelain system in orthodontic bonding varies and depends on factors such as the type of adhesive, bracket base design, storage media, type of porcelain, appliance force systems and the clinician's technique. While using the universal testing machine, it is not practically possible to simulate debonding forces that act in an in-vivo set-up and the same goes for the rate of loading for the testing machine. Testing a single debonding force eg: shear force will be easier for such type of a study design. 4 These are a few among the many factors, which may contribute to the variability and difference of opinion among researchers regarding the clinically acceptable bond strength. However, in the present study just shear forces were evaluated.
CONCLUSION
Shear bond strength of ceramic brackets bonded to ceramic surface with all the three surface conditioning methods were adequate. On comparison of the three surface conditioning methods 9% Hydrofluoric acid showed higher shear bond strength followed by Sandblasting and 37% Phosphoric acid. The recommended conditioner is 37% phosphoric acid as it has adequate bond strength, least harmful to the oral mucosa on comparison to 9% hydrofluoric acid and is less cumbersome procedure as compared to sandblasting.
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